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BRIEF DESCRIPTION OF THE INVENTION ^ ^ 

BACKGROUND OF THE INVENTION ^ ^ ^ 
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analvzing volume. In order to count all particles which pass through the analyzing volume, that 
is particles which are tagged to fluoresce and untagged panicles, scattered light is detected. In 
one embodiment, a beam blocker 27 is positioned to intercept the direct beam after it passes 
through the capillary tube. This allows only light scattered by the particle to impmge onto 
detector 28. The detector 28 provides an output signal pulse each time a panicle passes through 
the beam. The size of the pulse is dependent upon die size of the particles and the occurrence of 
a pulse indicates that a particle (fluorescent or non-fluorescent) has traversed the hght beam. 
Another approach is to employ an off axis detector 29. In such event, a beam blocker ts not 
required. 

If the particles are intrinsically fluorescent or if the particles have been tagged with a 
fluorescent dye, they will emit light at a characteristic wavelength as they pass through the 
analyzing volume where they are excited and fluoresce. Fluorescent light is detected a. an angle 
with respect to the beam axis so that no direct beam light is detected. Collector lens 32, 33 and 
36 37 receive the emitted light and focus the collected light onto detectors 38, 39 and 41, 
natively. Spatial filters 42, 43 and 44 may be provided to block any stray light. Dtchrotc 
beam splitter 46 passes light of the selected wavelength through filter 47 to detector 38 and 
deflects light of other wavelengths through filter 48 to photodefector 49. For example, the 
dichroic beam splitter reflects light having a wavelength less than 620 nm, and transmits hght 
having a greater wavelength. The filters 47 and 49 are selected to pass the wavelengths 
corresponding to the fluorescence wavelength expected from the fluorescing particles. In one 
example, the filters 47 and 49 were selected to pass Hght at 580 nm and 675 nm, respectively. 
Fluorescent hght can be applied to filter 51 and detector 41 for detecting another wavelength 
This permits identification and counting of particles which have bean tagged with fluorescent 
serial which emits at characteristic wavelengths in response to the optical excitation. The 
i outpntofmedetectoraxepulseswmchcanmenbeprocessedbyaprocessortopmvidemlevan, 

information. 

It is desirable to process a large number of samples in a given time period with a smgle 
instrument. Therefore, there is a need for a cytometer mat automatically and sequentially draws 
or aspirates sample liquid ftom sample wells in a sample carrier. One type of sample canter ts a 
0 microwell plate. A microwell plate is typically a plastic plate containing an mv of uniformly 
spaced cavities or we.ls for holding the sample fluid. One type of commercial microwell plate ts 
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a 96 well plate which contains an array of eight rows of 12 wells. Other sizes are commercially 
available. Samples can also be contained in cuvettes which are held in rows and columns by 
suitable racks. In some cases it is desirable to mix or stir the sample liquid just prior to drawing 
or aspirating the liquid sample. 

OBJECTS AND SUMMARY OF THE INVENTION 

The primary object of the present invention is to provide an automatic analyzing 
apparatus for fluorescent analysis of cells or particles in liquid samples contained in an array of 
cuvettes or wells which are presented automatically and sequentially to a capillary tube for 
aspiration of liquid sample into and through the tube past an analyzing region. 

It is another object of the present invention to provide an analysis apparatus in which a 
mechanism moves individual cuvettes or wells in an array to a position opposite a suspended 
capillary and raises the cuvette or well so that the tip of the capillary is immersed in the liquid 
sample for aspiration of the liquid samples into and through the capillary. 

It is another object of the present invention to provide a mechanism capable of presenting 
fluid in individual cuvettes or wells to a suspended capillary accurately and at high speed. 

It is the further object of the present invention to provide an automatic analyzing 
apparatus which is simple in construction. 

It is the further object of the present invention to provide such an apparatus which 
includes means for mixing or stirring fluid prior to its being sampled or aspirated. 

Still another object of the present invention is to provide a cytometer apparatus which can 
perform analysis more quickly than standard cytometers. 

The apparatus uses a suspended capillary through which sample is aspirated past an 
analyzing zone. This allows the sample particles or cells to pass an analyzing zone one at a time 
where they can be individually analyzed. The invention provides a translation mechanism which 
moves microwells or cuvettes carried in a rack selectively into position below a suspended 
capillary and raises the positioned well or cuvette so that the end of the capillary is immersed in 
the sample liquid such that the sample can then be aspirated or drawn into the capillary past the 
analyzing region. This eliminates the handling of individual cuvettes or wells which requires 
skilled operators and is time consuming. 

In another aspect of the invention the apparatus includes a mixer which mixes or stirs the 
sample fluid in the wells just prior to presentation to the capillary. 
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An analyzing apparatus is provided which includes a mechanism for sequentially 
translating individual sample containers into position opposite the end of a suspended capillary 
and then raising the sample container to immerse the end of the capillary so that the liquid can be 
drawn or aspirated into the capillary for analysis. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in greater detail with reference to the accompanying 
drawings in which: 

Figure 1 schematically shows the drawing of a fluid sample from a cuvette or well into 
and through a capillary past an analyzing region; 
10 Figure 2 is a schematic diagram illustrating the optical system associated with the 

capillary for exciting fluorescence in particles passing through an analyzing region and for 
detecting fluorescent light at various wavelengths; 

Figure 3 is a partial side elevational view partly in section showing the sampling portion 
of an automatic analysis apparatus; 
1 5 Figure 4 is a perspective view showing the mechanism for moving a support tray with 

cuvettes or wells carried by a plate into position and into cooperation with a suspended capillary; 

Figure 5 is an elevational view showing the cam mechanism for lifting the support tray to 
immerse the end of the capillary into the sample fluid carried in wells or cuvettes; 

Figure 6 is a sectional view showing the cam follower for raising and lowering the 
20 support tray; 

Figure 7 A, 7B, and 7C show three positions for the tray with respect to a stirrer or mixer 
and suspended capillary; 

Figure 8 shows a stirrer assembly which surrounds the capillary; 
Figure 9 shows electromagnetic means for vibrating the capillary to mix samples; 
25 Figure 10 is a partial elevational view showing analyzing apparatus employing two 

capillaries; and 

Figure 1 1 is a schematic view of an electrical circuit for operating the apparatus. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now particularly to Figures 3 and 4, the apparatus includes a base 51 on which 
30 the positioning mechanism, Figure 4, is mounted. A shelf 52 is supported from and above the 
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base. The shelf 52 carries the optical elements (not shown) but described with reference to 
Figure 2. The suspended capillary 13 extends downwardly from the shelf and is schematically 
shown supported by a support 53. A suitable support assembly which provides for removal and 
insertion of capillaries of various sizes is described in co-pending application serial no. 
10/146,019 filed May 14, 2002, incorporated herein by reference. The capillary is suspended 
with its end 13a shown extending into microwell 54 in microwell plate 55. 

The apparatus may include mixer or stirrer assembly 56 supported on the shelf. The 
stirrer assembly includes a downwardly extending stirrer 57 which is raised and lowered along 
the rail 58 by a lead screw 59 driven by a motor 61. A mixer motor 62 is selectably energized to 
rotate the stirrer 57 to stir or mix the liquid samples in the associated microwell or cuvette. The 
stirrer is shown stirring liquid samples in well, two wells in front of the well 54 which is being 
sampled. The microwell plate 55 is supported on the support tray 66 which is part of the 
mechanism, Figure 4, for moving the tray in the X, Y and Z directions. 

Referring to Figure 4, the support tray 66 includes wash wells 63 which may be filled 
with a wash solution. When it is desired to clean the capillary after one or more sampling cycles, 
the tray is moved to a position such that the wash well is opposite the capillary and raised to 
immerse the capillary for cleaning. The tray also includes waste collection tubes 64 which are 
adapted to receive the stirrer. The stirrer is cleaned by inserting it into one of the collection tubes 
and rapidly spinning it. 

Referring more particularly to Figure 4 the tray is carried by an assembly 67 which is 
supported upon a rail 68 mounted on the base 5 1 . The assembly is driven in the X direction by 
the motor 71 driving lead screw 72. The support assembly includes a second motor 73 and 
associated lead screw 74 which drives the tray 62 in the Y direction along the rail 75. The 
support assembly also includes a cam means that moves along the rail 75 for lifting the support 
tray. The cam assembly is more clearly shown in Figures 5 and 6 and includes a motor 76 which 
drives the cam 77 which is rotated to lift the tray and move it along the rail 78 via the cam 
follower 79 which provides the lifting mechanism. Thus, there is provided a mechanism for 
selectively moving the tray in the X, Y and Z directions. 

In operation, the support is moved in the X direction so that it extends outwardly from the 
instrument housing (not shown) where a technician or operator can place a microwell plate or a 
cuvette rack onto the tray 66. The tray is then retracted to the position shown in Figure 7A and 
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the analyzing process commenced. To stir the sample liquid in the first few wells the tray is in 
its lowered position and the stirrer 57, in its lowest position in first well, to stir the sample liquid. 
It is then raised and the tray moved over one position. The stirrer is then moved into the second 
well to stir liquid in its second well. Since the tray is in its lowered position it can move without 
striking the suspended capillary 13. Thereafter, the mixer is retracted to a position with its end at 
the same elevation as the end of the capillary, Figure 7B. The tray is then moved one step at the 
time and raised so that the capillary is immersed in the liquid in the first well while the mixer 
mixes the liquid in the third well. The tray is then lowered, moved one step, raised to sample the 
liquid in the next well and mix the fluid in the next succeeding well. The step-wise procedure is 
continued until the end of the tray at which time during the last two sampling steps the mixer is 
lifted as shown in Figure 7C whereby it does not interfere with the tray, as it moves while the 
capillary can still be immersed in the liquid to withdraw liquid. After sampling one row of wells, 
the tray is lowered, moved in the Y direction by one row and the procedure is repeated. It is of 
course apparent that the wells can be sampled column by column by stepping from well to well 
in the Y direction and then stepping to the next column in the X direction. It also will be 
apparent the apparatus can be programmed to sample selected wells in selected sequences. The 
mixer and/or capillary can be washed periodically by moving the tray in the X-Y direction to a 
wash or cleaning well 63 and moving the tray in the Z direction to immerse the capillary. 
Similarly, the mixer can be cleaned by X, Y and Z movement of the tray so that the mixer is 
within a tube 64. 

The sample can be mixed by vibrating the tray rather than with a stirrer. Alternatively, 
the stirrer can surround the capillary as shown in Figure 8 and rotated by motor 62 whereby it 
can mix the sample in the selected well. Mixing can also be accomplished by vibrating the 
capillary as for example in Figure 9 by applying a magnetic member 82 to the capillary and 
magnetically deflecting it with an energizing coil 83. 

Rather than using a single capillary, an optical system using multiple capillaries and 
multiple optical systems can be mounted on the shelf 52 to conduct sample analysis in parallel. 
This is illustrated schematically in Figure 10 where two side-by-side capillaries are illustrated. 

Figure 1 1 schematically illustrates the electrical control circuit for the preferred 
embodiment automatic analysis apparatus. X, Y and Z position sensors 86, 87 and 88 mounted 
on the positioning mechanism to sense the position of the tray and feed the position information 
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to the processor 89. The processor controls the pump 16 and valve 22 to sequentially withdraw 
sample fluid from a well or cuvette associated with the end of the capillary and discharge fluid 
samples into waste 23. The processor controls the stirrer motor for energizing the stirrer 57 to 
rotate the stirrer and the stirrer motor 61 for raising and lowering the stirrer and the stirrer motor 

5 62. The outputs of the photodetectors 28, 38, 39 and 41 are also applied to the processor. The 
processor commands motor control 91 associated with the X and Y drive motors and the Z cam 
motor whereby they are selectively energized to position the tray. In operation, the tray is loaded 
with the microwell plate or cuvette rock and the drive mechanism energized to bring the tray into 
its initial position. The analysis cycle is then started in which stirrer is lowered and stirs or 

10 mixes the fluid sample in the first two vials or wells. The stirrer is then withdrawn to be in the 
same position as the end of the capillary. The tray is then lifted whereby the capillary is 
immersed in the sample of the first well and the stirrer in the third well to perform mixing at this 
point. The pump is turned on and a sample is drawn through the capillary and analyzed by 
detecting the fluorescence and the forward scatter for a predetermined volume of sample liquid. 

15 The sample liquid is then discharged into the waste. The tray is then lowered and moved one 
position to the right and the process is repeated as disclosed above. The processor performs 
automatic fluorescent analysis of the sample liquid. It will be recognized that the processor can 
be configured for wash and cleaning cycles and for controlling the tray for multiple capillaries. 
Thus there has been provided a simple inexpensive mechanism for presenting sample 

20 liquid to cytometer apparatus of the type having a syspended capillary. The mechanism 

automatically and sequentially presents sample wells or cuvettes to a suspended capillary where 
solution is aspirated and analyzed. 
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